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Abstract
This work investigates the stress response in the femur bone which has been modified to accommodate either a total
hip replacement or hip resurfacing implant when the hips are subjected to peak loads during a golf swing. The 
objective is to provide a quantitative comparison of the stress shielding effects of both systems in order to support 
orthopedic recommendations regarding hip replacement or resurfacing for golfers. The peak loads of a golf swing
to the lead leg using lead knee and ground
reaction force data taken from existing literature. These loads are then applied to 3D Finite Element (FE) static
models for the unmodified femur, the femur with a total hip implant, and the femur with a hip resurfacing implant.
The FE models predict that both implants will result in significant Von Mises stress reductions along closed paths on 
proximal and distal femoral transverse planes, compared to normal bone. The Von Mises stress response of the
implant systems do not differ by more than 7% for peak or mean stress magnitudes and gradients. FE predictions
therefore indicate that, along closed contours, the stress shielding effects from each system may not differ 
significantly.
© 2013 Published by Elsevier B.V. Selection and/or peer review under responsibility of Asia-Pacific 
Chemical, Biological & Environmental Engineering Society
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1. Introduction
Current medical breakthroughs have brought the number of active older people to a record high; people are
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not only more active at older ages but they are also engaging in more diverse and more demanding physical 
activities. Consequently, the number of Total Hip Replacement (THR) and Hip Resurfacing System (HRS) 
surgeries is increasing and this trend is expected to continue. A projection study of age and sex specific hip 
replacements in the UK was performed over ten-year intervals, taking account of demographic change and an 
extrapolation of arthroplasty rates from Sweden [1]. These authors estimated that the number of hip 
replacements in the UK will increase by 40% between the year 2000 and the year 2030. Studies done by other 
authors support these projections for the UK or provide similar projections for hip replacement surgeries in 
the United States [2,3]. Compared to several decades ago, patients currently receiving total joint replacements 
are almost 20% heavier, more physically active, three times more likely to have a high school or college 
education, and live more than 25% longer [4]. Hip resurfacing, which removes only a portion of the femoral 
head, is typically recommended for patients who are younger, more active, and who may require a second 
procedure in their lifetime [5,6]. However, there is mounting evidence that, despite a higher risk of femoral 
neck fracture, hip resurfacing for older patients may have clinical outcomes similar to those of younger 
patients [7]. 
In a healthy and biomechanically-unaltered golfer, the transfer of the impact load from the golf ball as 
well as the golf swing itself will introduce sudden loads that affect the biomechanical response of soft and 
hard tissue, leaving the golfer more susceptible to hip, back and knee injuries. How will the mechanical 
response at the hip joint differ if a golfer has either a THR or an HRS? Is one system more advantageous than 
the other in terms of longevity in the sport of golf? How might bone remodeling and stress shielding differ 
between the THR and HRS for the active golfer? This work develops three-dimensional finite element models 
of the femoral component of both systems as well as of an unaltered femur and provides possible answers to 
these questions through a comparison of the biomechanical responses. The objective is to quantify differences 
in the femoral stress distributions of each system in order to allow for better decision-making regarding choice 
of implant and technique modifications for performance and longevity in the sport. 
2. Methodology 
2.1. Estimation of Hip Loads 
Studies have shown that hip injuries while playing golf are uncommon; however, hip pain is common 
among senior golfers, often attributed to arthritis, sprains, and strains [8]. No study was found in the literature 
in which experimentally determined or analytically predicted golf hip loads have been reported. The hip loads 
 and rigid body kinematic equations 
to the thigh segment. Kinematic information for the hip was obtained from the literature [9,10]. Load 
information at the knee was obtained from Gatt et al [11], who performed a study to characterize knee joint 
kinetics during a golf swing and determine the influence of shoe type and golfer skill on the peak knee joint 
loads. That study contained the knee angular displacement, loads and moments as functions of time during the 
golf swing. The available knee angular displacement data as a function of time was then numerically 
differentiated in order to determine the angular velocity and the angular acceleration of the shank. Inertia and 
mass properties were acquired through regression equations based on body mass and body height [12]. The 
subject was assumed to be an 80 kg male with a height of 172 cm for this study. The peak hip force vector and 
corresponding moment vector were then applied as load constraints on the head of the femurs in the finite 
element models. 
2.2. Finite Element Model 
Numerous finite element models of the human femur have been developed both at the microscopic level 
39 Cameron Coates and Javier Sanchez /  APCBEE Procedia  7 ( 2013 )  37 – 41 
and at the whole-bone macroscopic level. The more accurate models have considered the anisotropy of the 
bone as well as strain rate dependence. The hip bone is subjected to static loads in this study; therefore, strain 
rate dependence was not considered. The femur is subjected to torsional loads during a golf swing; therefore, 
anisotropic properties of cortical and cancellous bone were considered in order to include the shear stiffness 
contribution in the plane of shear. Cortical and cancellous bone orthotropic material properties used in the FE 
models were obtained from the literature [13].  
Three models were developed using eight-noded linear quadrilateral elements: the healthy unaltered femur, 
the femur with the THR attached, and the femur with an attached HRS. Cobalt chromium was the material of 
choice for both prosthetic systems. The femur bone geometry was obtained from an MRI scan of a healthy 42 
year old male and converted to a 3D image with specialized software. THR and HRS geometry was obtained 
from manufacturer specifications. Each model consisted of approximately 30,000, 40,000 and 50,000 
elements respectively. A compressive force of magnitude 4515 N and moment magnitude of 24 N·m were 
applied to the femoral head while the distal end of the femur was fixed in all six degrees of freedom.   
Von Mises stresses along the femoral cross sectional contours at 30%, 50%, 70% and 92% (through 
cortical bone) of the femoral radius were plotted for two transverse planes. These transverse plane locations 
on the FE femur model are shown in Figure 1a. A cross section of the femur showing the closed paths along 
which stress values were obtained is shown in Figure 1b. Mesh density was refined for each model until 
obtained stress values differed by less than 5%. The FE static orthotropic model treated the hip implant/bone 
interface as bonded, i.e. cemented. Meta-analysis study on the survival rate between cemented and cementless 
THR reported that the cemented THR was slightly superior [14]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1(a) FE model of normal femur showing transverse planes  Fig. 1(b) closed paths on transverse planes (30%, 50%, 70%, 92%). 
along which stresses were obtained (THR model top right,  
HRS model bottom right). 
3. Results 
The Von Mises stress response along all closed paths (four cases) on both section planes were plotted 
verses node location. The stress response along a closed path at 50% femoral radius on the proximal 
transverse plane is shown as a representative plot in Figure 2. Mean stress percentage differences along the 
specified paths between the modified femur (with HRS or THR implants) and corresponding paths in the 
unmodified femur are provided in Table 1. In all four cases, the peak stress along the specified paths in the 
unmodified femur substantially exceeded the peak stress along corresponding paths in the femur model 
modified to accommodate either the THR or HRS. The average peak stress reduction (along all sections and 
all paths) due to the HRS was 78% while the presence of the THR reduced peak stresses by 73% on average. 
Section Plane A 
Section Plane B 
THR 
HRS 
30% 
50% 
70% 
92% 
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Mean stresses for each path were determined by numerically integrating each stress plot. Mean stresses were 
also reduced on average by 78% and 73% due to the presence of the HRS and THR, respectively. 
Fig. 2. Stress response along closed path at 50% femoral radius on section plane A for the normal and modified femurs. 
Table 1. Mean stress reduction in the femur due to HRS and THR implants along different radial paths on proximal (section plane A) and 
distal planes (section plane B) shown in Figure 1, at peak golf swing hip loads. 
Comparison 30% Radius 50% Radius 70% Radius 92% Radius 
Cut A Cut B Cut A Cut B Cut A Cut B Cut A Cut B 
HRS vs. Normal 83.35 96.13 84.64 67.73 88.01 62.39 89.34 57.65 
THR vs. Normal 73.65 88.18 65.84 75.07 87.83 50.46 91.09 52.54 
4. Conclusion 
Finite element predictions in this work support the theory that greater stress reduction occurs in the calcar 
regions of the femur compared to the distal regions due to the insertion of femoral prosthesis, as observed in 
other studies [15]. For section planes A and B and along all paths, the presence of the THR results in lower 
mean stress and peak stress differences compared to those resulting from the presence of the HRS. The FE 
model predicts stress shielding due to the HRS may be slightly greater compared to the THR when the hip is 
subjected to peak loads during a golf swing. The magnitudes of stress reduction from each of the two systems 
are comparable; the 7% predicted difference would most likely not have a substantial impact on bone 
remodeling. The decrease in the magnitude of the stress gradients due to the presence of either implant 
differed by 6% for each implant. Stress gradients play a role in bone piezoelectric response in which signals 
for fracture healing or bone repair are generated [16]. The FE static model therefore predicts that the effect of 
eith
frequency of application of the peak golf loads. Dynamic effects have been shown to play a greater role than 
static effects in bone remodeling. The slight stress shielding advantage of the THR may be amplified by 
repetitive loading, allowing for greater longevity in the sport compared to the HRS. 
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